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The  principal  purpose  of  the  research  is  to  investigate  radio  wave  scattering 
and  depolarization  hy  conducting  objects  of  irregular  shape.  To  test  the 
programs  and  in  order  to  develop  better  physical  interpretations  of  the 
results,  scatterers  with  simple  shapes  are  considered  first.  Thus,  the  full 
wave  solutions  for  scattering  and  depolarization  are  compared  with  known 
solutions  to  the  problem. 

( 

The  second  phase  of  this  work  is  devoted  to  the  problem  of  scattering 
and  depolarization  by  irregularly  shaped  objects.  Both  one-  and  two- 
dimensional  problems  are  considered.  To  account  for  medium  losses  the 
scatterer  is  characterized  by  a  complex  permittivity  and  permeability.  Using 
the  full  wave  approach  it  is  not  necessary  to  employ  the  approximate 
impedance  boundary  conditions.  ^ 

‘  Special  attention  is  given  to  determining  the  normalized  co-polarized  and 
cross-polarized  backscatter  cross  section.  The  full  wave  solutions  for  the 
scattering  cross  sections  are  compared  with  the  perturbational  and  physical 
optics  solutions.  Special  attention  is  also  given  to  the  polarization 
dependence  of  the  scattering  cross  sections.  *J. — — - , 


The  third  phase  of  this  investigation  is  devoted  to  the  solution  of  the 
equation  of  transfer  for  the  incoherent  specific  intensities  in  a  media 
consisting  of  random  distributions  of  irregular  shaped  particles.  The  random 
rough  surfaces  of  the  particles  are  characterized  by  their  surface  height 
autocorrelation  function.  Both  single  scatter  and  multiple  scatter  results 
are  presented. 
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1.  INTRODUCTION  -  STATEMENT  OF  THE  PROBLEM 

The  principal  purpose  of  the  research  is  to  investigate  radio 
wave  scattering  and  depolarization  by  conducting  objects  of 
irregular  shape.  To  test  the  programs  and  in  order  to  develop 
better  physical  interpretations  of  the  results ,  scatterers  with 
simple  shapes  are  considered  first.  Thus,  the  full  wave  solutions 
for  scattering  and  depolarization  are  compared  with  known  solutions 
to  the  problem. 

The  seoond  phase  of  this  work  is  devoted  to  the  problem  of 
scattering  and  depolarization  by  irregularly  shaped  objects.  Both 
one-  and  two-dimensional  problems  are  considered.  To  account 
for  medium  losses  the  scatterer  is  characterized  by  a  complex 
permittivity  and  permeability.  Using  the  full  wave  approach  it  is 
not  necessary  to  employ  the  approximate  impedance  boundary 
conditions . 

Special  attention  is  given  to  determining  the  normalized  co¬ 
polarized  and  cross-polarized  backscatter  cross  section.  The  full 
wave  solutions  for  the  scattering  crobs  sections  are  compared  with 
the  perturbational  and  physical  optics  solutions .  Special  atten¬ 
tion  is  also  given  to  the  polarization  dependence  of  the  scattering 
cross  sections. 

The  third  phase  of  this  investigation  is  devoted  to  the  solution 
of  the  equation  of  transfer  for  the  incoherent  specific  intensities 
in  a  media  consisting  of  random  distributions  of  irregular  shaped 
particles.  The  random  rough  surfaces  of  the  particles  are  characterized 
by  their  surface  height  autocorrelation  function.  Both  single  scatter 
and  multiple  scatter  results  are  presented. 
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2.  SUMMARY  OF  RESULTS 

Over  the  period  of  this  contract  the  principal  investigator 
submitted  twenty-one  manuscripts  for  publication  in  Scientific/ 

Technical  Journals,  presented  seventeen  conference  papers  and 
submitted  seven  Semi-Annual  Technical  Reports.  In  addition,  the 
research  leading  to  a  Ph.D.  dissertation  was  supported  by  this 
contract  (see  Section  6  for  a  detailed  list). 

The  topics  of  the  publications  and  conference  presentations  can 
be  classified  into  three  main  groups . 

The  first  group  is  related  to  scattering  and  depolarization 
by  rough  surfaces*  (l),  (M,  (5),  (6),  (8),  (ll),  (12),  (lU),  (l8), 

(210,  (27),  (28),  (30),  (31),  (33),  (3^0,  (35),  (38).  In  this  work 
the  full  wave  approach  based  on  the  unified  and  two-scale  models 
of  the  rough  surfaces  is  used  to  determine  the  co-polarized  and 
cross-polarized  scattering  cross  sections.  The  full  wave  solutions  which 
are  based  on  complete  expansions  of  the  fields  and  the  imposition 
of  exact  boundary  conditions  are  shown  to  reduce  to  the  physical 
optics  solutions  in  the  high  frequency  limit  and  the  small 
perturbation  solution  in  the  low  frequency  limit.  Surfaces  with 
Gaussian  as  well  as  non-Gaussian  surface  height  probability 
density  functions  are  considered  and  the  slope  probability  densities 
are  assumed  to  be  either  isotropic  and  Gaussian  or  non-isotropic 
and  non-Gaussian.  The  rough  surface  is  characterized  by  its 

*  , 

Reference  numbers  correspond  to  list  given  in  Section  6. 
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surface  height  spectral  density  function  (the  Fourier  transform 
of  its  autocorrelation  function).  Using  the  unified  full  wave  approach, 
the  inadequacy  of  employing  the  commonly  used  hybrid  physical 
optics-perturhation  approach  to  rough  surface  scattering  has  been 
established. 

The  second  group  of  publications  deals  with  scattering  by 
finitely  conducting  objects  with  irregular  shapes,  such  as  cylinders 
and  spheres  and  disks  (flakes)  with  random  rough  surfaces:  (2), 

(3),  (7),  (9),  (10),  (13),  (15),  (19),  (21),  (22),  (23),  (25), 

(26),  (29),  (32),  (36).  The  mean  square  heights  of  the  rough 
surfaces  are  assumed  to  be  very  large  such  that  the  familiar  small 
perturbation  approach  is  not  suitable  to  analyze  these  problems . 

The  particle  rough  surface  is  characterized  by  different  surface 
height  spectral  density  functions  and  complex  permittivities. 

Thus,  different  scales  of  roughness  are  considered  and  the 
effects  of  varying  the  mean  square  height  and  the  mean  square 
slope  (and  the  related  correlation  distances)  are  examined  in 
detail.  Special  consideration  is  given  to  the  derivations  of  the 
bistatic  like-  and  cross -polarized  cross  sections  as  well  as  the 
albedos  and  extinction  cross  sections  of  the  irregular  shaped 
particles  (for  which  no  analytic  solutions  had  yet  been  presented). 

The  third  group  of  manuscripts  deals  with  the  solution  of  the 
equation  of  transfer  for  the  co-polarized  and  cross-polarized  in¬ 
coherent  specific  intensities  (Stokes  parameters)  in  media 
consisting  of  random  distributions  of  irregular  shaped  particles 


(l6) ,  (17) j  (20),  (37).  Both  infrared  and  optical  excitations 
are  considered  at  normal  and  oblique  incidence  to  parallel  layers 
of  particles.  First  order,  single  scatter  as  well  as  multiple 
scatter  results  are  presented  for  particles  with  rough  surfaces  as 
well  as  particles  with  smooth  surfaces.  It  is  shown  that  the  princi¬ 
pal  effect  of  the  particle  surface  roughness  is  to  make  the  incoherent 
specific  intensities  more  isotropic ,  (thus  smoothing  out  the  large 
undulations  in  the  specific  intensities  for  the  medium  consisting  of 
smooth  particles  and  eliminating  windows  of  transmission) .  In  addi¬ 
tion,  the  degree  of  polarization  of  the  scattered  specific  intensities 
is  significantly  smaller  for  the  particles  with  rough  surfaces . 

Step  by  step  progress  on  the  research  conducted  over  this  period 
of  the  contract  is  reported  in  seven  semiannual  technical  reports 
reproduced  in  this  Final  Report. 


3.  DESCRIPTION  OF  RESEARCH 


Detailed  description  of  the  analytical  and  numerical  techniques 
used  in  these  investigations  and  their  applications  to  engineering 
and  technology  are  given  in  the  reprints  and  preprints  of  the 
scientific  manuscripts  submitted  with  this  Final  Report  (see 
list  of  publications,  Section  6,  and  Appendix). 
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